The genus Fusarium Link comprises a large number of cosmopolitan, pleoanamorphic species (Hypocreales : Hypocreaceae), many of which are mycotoxigenic. Mycotoxins produced by fusaria are implicated in the disease of many crops, farm animals, and humans. Fusaria are some of the most challenging fungi for morphological systematists as illustrated by the discordant species concepts adopted in the following taxonomic treatments of the genus :
Snyder and Hansen accepted 9 species, Booth 51 species and varieties, Gerlach and Nirenberg 101 species and varieties, and Nelson et al. 30 species. These four diverse taxonomic schemes are based exclusively on morphological species concepts that are often conflicting. As a result, identification of Fusarium species remains problematical for specialists and nonspecialists alike.
Correct identification of important toxigenic strains using morphology alone is further complicated when atypical or degenerate cultures are encountered.
For this reason, a molecular phylogenetic.approach using parsimony analysis of DNA sequence data from multiple loci offers enormous potential for the identification of key mycotoxigenic strains, that is independent of cultural morphology, and these molecular systematic data provide an objective avenue for investigating species boundaries using a phylogenetic species concept.
In this study, DNA sequences from one mitochondrial and three nuclear loci were used to investigate the phylogenetic relationships and identity of trichothecene-producing strains origi- Edge length is indicated together with bootsrap percentages above 50%. geographic origin (warm for Fusarium sp. n. in Kyushu and Shikoku, Japan while F. sporotrichioides is more common in cooler regions), and different toxin production (nivalenol and fusarenon-X in Fusarium sp. n. and diacetoxyscripenol (DAS), T-2, and HT-2 in F. sporotrichioides). Collectively, these differences are fully concordant with the molecular data which strongly indicate that the Japanese strains (Fn-2, Fn-3, Fn-2B, and Fn-M) represent an undescribed species. Whether this species is endemic to Japan, or introduced, is an open question since its only known host is the cosmopolitan grain wheat.
An important implication of the present study is that the number of Fusarium species will increase substantially through ongoing morphological and molecular systematic studies as is evidenced by the discovery of three undescribed, phylogenetically distinct species in the present study : Fusarium sp. n. (Fn-2) from Japan, Fusarium sp. 22189 reported as F. sambucinum on Glycine max (L.) Men. from Brazil and Fusarium sp. 22192 published as Gibberlla pulicaris (Fr.) Sacc. (=Fusarium sambucinum) on a palm tree from Indonesia.
These latter two new species are distinguished from F, sambucinum by the production of T-2 toxin instead of DAS, and from each other and F. sambucinum via the random amplified polymorphic DNA (RAPD) technique.
In addition, mating studies have demonstrated that NRRL 22189 and 22192 are infertile with F. sambucinum testers. These results demonstrate a perfect concordance of phylogenetic and biological species concepts for G. pulicaris, indicating that both species concepts identify the same taxon. That both concepts show similar concordance in phylogenetically diverse lineages of Fusarium, suggests that either concept accurately predicts the boundaries of the other. However, because teleomorphs are unknown from most of the species included in this study, identification of strains by mating experiments for all but a few species is currently impossible. Given the close relationship of F. tumidum Sherb. and F. sambucinum in the phylogram inferred from the combined data, there is a reasonable possibility that mating experiments may demonstrate that these two taxa are members of the same biological species. One of the more important implications of the present study is the importance of investigating the evolution of Fusarium toxins within the context of a robust species-level phylogeny.
Within the relatively small data set analyzed in this study, the following three toxin lineages were resolved : nivalenol/nivalenol mono-and diacetate (Fusarium sp. n. Fn-2), DAS/T-2 toxin ( = F. sambucinum clade), and DON/zearalenone (= F. graminearum clade).
It is important to note that toxin production has not been characterized for all of the species within the F.
sambucinum and F. graminearum clades but explicit, testable predictions can be made for these species based on the available data. In addition to their potential for elucidating the evolution of toxins within Fusarium, molecular characters also provide a wealth of discrete nucleotide data that can be used to diagnose species and to design molecular diagnostics for the rapid and accurate identification of unknown strains.
During the course of this investigation, Fn-2B (= A-18476 = NRRL6490 = MAFF 237646) was identified as Fusarium sp. n. after it had been stored by lyophilization ever since it was sent to the ARS Culture Collection (NRRL) by Prof. Yoshio Ueno in 1971. Of the strains of Fusarium sp.
available for study, NRRL 6490 is in the best condition morphologically and the formal diagnosis being prepared for this interesting toxigenic species from Japan is based largly on this strain.
